In this paper, we use the notion of a mixed weakly monotone pair of maps of Gordji et al. (Fixed Point Theory Appl. 2012:95, 2012 to state a coupled common fixed point theorem for maps on partially ordered S-metric spaces. This result generalizes the main results of Gordji et al. (Fixed Point Theory Appl.
Introduction and preliminaries
and some fixed point theorems for a self-map on an S-metric space. An interesting work that naturally rises is to transport certain results in metric spaces and known generalized metric spaces to S-metric spaces. In this way, some results have been obtained in [-] .
In [] , Gordji et al. have introduced the concept of a mixed weakly monotone pair of maps and proved some coupled common fixed point theorems for a contractive-type maps with the mixed weakly monotone property in partially ordered metric spaces. These results give rise to stating coupled common fixed point theorems for maps with the mixed weakly monotone property in partially ordered S-metric spaces.
In this paper, we use the notion of a mixed weakly monotone pair of maps to state a coupled common fixed point theorem for maps on partially ordered S-metric spaces. This result generalizes the main results of [, , ] into the structure of S-metric spaces.
First we recall some notions, lemmas and examples which will be useful later.
Definition . [, Definition .] Let X be a nonempty set. An S-metric on X is a function S : X  -→ [, ∞) that satisfies the following conditions for all x, y, z, a ∈ X:
. S(x, y, z) =  if and only if x = y = z. for all x, y ∈ X, we have
. S(x, y, z) ≤ S(x, x, a) + S(y, y, a) + S(z, z, a). The pair (X,
Then the pair (f , g) has the mixed weakly monotone property.
Then f and g have the mixed monotone property but the pair (f , g) does not have the mixed weakly monotone property.
Remark . [, Remark .] Let (X, ) be a partially ordered set; f : X × X -→ X be a map with the mixed monotone property on X. Then for all n ∈ N, the pair (f n , f n ) has the mixed weakly monotone property on X.
Main results
Theorem . Let (X, , S) be a partially ordered S-metric space; f , g : X × X -→ X be two maps such that . X is complete; . The pair (f , g) has the mixed weakly monotone property on X;
for all x, y, u, v ∈ X with x u and y v where D is defined as in Lemma .; . f or g is continuous or X has the following property:
(a) If {x n } is an increasing sequence with x n → x, then x n x for all n ∈ N; (b) If {x n } is an decreasing sequence with x n → x, then x x n for all n ∈ N. Then f and g have a coupled common fixed point in X. http://www.fixedpointtheoryandapplications.com/content/2013/1/48
Proof First we note that the roles of f and g can be interchanged in the assumptions. We need only prove the case x  f (x  , y  ) and f (y  , x  ) y  , the case x  g(x  , y  ) and g(y  , x  ) y  is proved similarly by interchanging the roles of f and g.
Step . We construct two Cauchy sequences in X.
) has the mixed weakly monotone property, we have
and
Continuously, for all n ∈ N, we put
that satisfy
We will prove that {x n } and {y n } are two Cauchy sequences. For all n ∈ N, it follows from (.) that
By using (.) we get
That is,
Analogously to (.), we have S(y n+ , y n+ , y n+ )
It follows from (.) and (.) that
For all n ∈ N, by interchanging the roles of f and g and using (.) again, we have
Analogously to (.), we have S(y n+ , y n+ , y n+ )
It follows from (.) and (.) that S(x n+ , x n+ , x n+ ) + S(y n+ , y n+ , y n+ )
For all n ∈ N, (.) and (.) combine to give
Now we have
and S(x n+ , x n+ , x n+ ) + S(y n+ , y n+ , y n+ )
For all n, m ∈ N with n ≤ m, by using Lemma . and (.), (.), we have 
m http://www.fixedpointtheoryandapplications.com/content/2013/1/48
Similarly, we have S(x n , x n , x m+ ) + S(y n , y n , y m+ )
and S(x n , x n , x m ) + S(y n , y n , y m )
and S(x n+ , x n+ , x m ) + S(y n+ , y n+ , y m )
Hence, for all n, m ∈ N with n ≤ m, it follows that
Since  ≤ p+q+s -(r+s) < , taking the limit as n, m → ∞, we get Therefore, {x n } and {y n } are two Cauchy sequences in X. Since X is complete, there exist x, y ∈ X such that x n → x and y n → y in X as n → ∞.
Step . We prove that (x, y) is a coupled common fixed point of f and g. We consider the following two cases. 
Now using (.) we have
S f (x, y), f (x, y), g(x, y) + S f (y, x), f (y, x), g(y, x) ≤ p  D (x, y), (x, y), (x, y) + q  D (x, y), (x, y), f (x, y), f (y, x) + r  D (x, y), (x, y), g(x, y), g(y, x) + s  D (x, y), (x, y), g(x, y), g(y, x) + s  D (x, y), (x, y), f (x, y), f (y, x) + p  D (y, x), (y, x), (y, x) + q  D (y, x), (y, x), f (y, x), f (x, y) + r  D (y, x), (y, x), g(y, x), g(x, y) + s  D (y, x), (y, x), g(y, x), g(x, y) + s  D (y, x), (y, x), f (y, x), f (x, y) = p  D (x, y), (x, y), (x, y) + q  D (x, y), (x, y), (x, y) + r  D (x, y), (x, y), g(x, y), g(y, x) + s  D (x, y), (x, y), g(x, y), g(y, x) + s  D (x, y), (x, y), (x, y) + p  D (y, x), (y, x), (y, x) + q  D (y, x), (y, x), (y, x) + r  D (y, x), (y, x), g(y, x), g(x, y) + s  D (y, x), (y, x), g(y, x), g(x, y) + s  D (y, x), (y, x), (y, x) = r  D (x, y), (x, y), g(x, y), g(y, x) + s  D (x, y), (x, y), g(x, y), g(y, x) + r  D (y, x), (y, x), g(y, x), g(x, y) + s  D (y, x), (y, x), g(y, x), g(x, y) . Therefore, S f (x, y), f (x, y), g(x, y) + S f (y, x), f (y, x), g(y, x)
≤ (r + s) S x, x, g(x, y) + S y, y, g(y, x) .
S x, x, g(x, y) + S y, y, g(y, x) ≤ (r + s) S x, x, g(x, y) + S y, y, g(y, x)
. http://www.fixedpointtheoryandapplications.com/content/2013/1/48
Since  ≤ r +s < , we get S(x, x, g(x, y)) = S(y, y, g(y, x)) = . That is, g(x, y) = x and g(y, x) = y. Therefore, (x, y) is a coupled common fixed point of f and g. Case .. g is continuous. We can also prove that (x, y) is a coupled common fixed point of f and g similarly as in Case ..
Case .. X satisfies two assumptions (a) and (b). Then by (.) we get x n x and y y n for all n ∈ N. By using Lemma . and Lemma ., we have
By interchanging the roles of f and g and using (.), we have
Again, by using (.), we have
It follows from (.), (.) and (.) that
By using Lemma . and taking the limit as n → ∞ in (.), we have
(a) If {x n } is an increasing sequence with x n → x, then x n x for all n ∈ N; (b) If {x n } is an decreasing sequence with x n → x, then x x n for all n ∈ N. Then f has a coupled fixed point in X.
Proof By choosing g = f in Theorem . and using Remark ., we get the conclusion.
Corollary . Let (X, , S) be a partially ordered S-metric space and f : X × X -→ X be a map such that . X is complete; . f has the mixed monotone property on X; x  f (x  , y  ) and f (y  , x  ) y  for some
for all x, y, u, v ∈ X with x u and y v; . f is continuous or X has the following property:
(a) If {x n } is an increasing sequence with x n → x, then x n x for all n ∈ N; (b) If {x n } is an decreasing sequence with x n → x, then x x n for all n ∈ N.
Then f has a coupled fixed point in X.
Proof By choosing g = f and p = k, q = r = s =  in Theorem . and using Remark ., we get the conclusion. Proof By Theorem ., f and g have a coupled common fixed point (x, y). Let (z, t) be another coupled common fixed point of f and g. Without loss of generality, we may assume that (x, y) (z, t). Then by (.) and Lemma ., we have Since p + s < , we get S(x, x, y) = , that is, x = y.
Finally, we give an example to demonstrate the validity of the above results.
Example . Let X = R with the S-metric as in Example . and the usual order ≤. Then X is a totally ordered, complete S-metric space. For all x, y ∈ X, put f (x, y) = g(x, y) = x -y +   .
Then the pair (f , g) has the mixed weakly monotone property and and q = r = s = . Note that other assumptions of Corollary . are also satisfied and (, ) is the unique common fixed point of f and g.
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